1. Introduction {#sec1}
===============

Coronavirus disease (COVID-19) outbreak is a global pandemic frightening the whole world amid unexpected emergence and massive spreading of novel Coronavirus (2019-nCoV) or the severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) ([@bib40], [@bib42]; [@bib4]; [@bib13]; [@bib19]; [@bib21]; [@bib27]; [@bib29]; [@bib32]; [@bib34]; [@bib35]; [@bib39]). The COVID-19 is a vastly contagious disease rapidly spreading from its origin in Wuhan City, Hubei Province of China to the rest of the world in December 2019. As of May 18, 2020, the COVID-19 outbreak has hit South-East Asia with 143,750 confirmed cases; India has the 11th-largest number of confirmed cases (96,169 cases), already crossing China ([@bib40], [@bib42]).

In indoor air pollution (IAP), from the indoor biomass combustion, the air pollutants which are emitted include suspended particulate matter (SPM), nitrogen oxides (NOx), carbon monoxide (CO), benzene (C6H6), 1, 3-butadiene (C4H6), methanol (CH2O), polycyclic aromatic hydrocarbons (PAHs), and several toxic organic compounds ([@bib41]; [@bib36]; [@bib9]; [@bib3]). The cooking fuels which are generally burned for cooking mostly in a rural home and also in urban areas are coal, lignite, charcoal, wood, straw/shrubs/grass, agricultural crop, animal dung, etc. ([@bib18]) which are sufficient for the concentration of indoor air pollutants. Smoking of cigarettes, bidis, and pipes within the home or indoor environment are also other responsible factors for the increase of smoky indoor environment ([@bib7]; [@bib17]; [@bib10]), a risk factor of the Coronavirus disease among under-five children.

The acute respiratory infection (ARI), i.e. executes signs like short and rapid breaths ([@bib18]), cold & cough, and fever among human beings are the primary symptoms of the Coronavirus disease (COVID-19) and the severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) which have widespread effects because it is hazardous or risk factor for children and human beings health having a weak immune system ([@bib19]; [@bib21]; [@bib27]; [@bib32]; [@bib39]; [@bib40], [@bib42]). These symptoms are quite common among under-five children of developing countries and also in India which have impacts on children's health ([@bib28]; [@bib37]; [@bib20]). Globally, and also in developing countries like India, the under-five children are most vulnerable groups compared to the other age classes, so we considered only under-five age group and in 2018 an estimated 5.3 million children under the age of 5 years died ([@bib38]), mostly from preventable childhood morbidities. For that very reason, areas with these symptoms are vulnerable/risk zone for the COVID-19 deaths in the coming days.

Several previous studies that have analyzed the indirect effect of the COVID-19 on-air ([@bib15]; [@bib6]; [@bib11]; [@bib44]) and few studies specifically from that have analyzed the effect of lockdown during the COVID-19 pandemic on air quality in India i.e. PM~2.5~ had the highest reduction in most of the regions amid the COVID-19 lockdown ([@bib30]); again, PM~10~ and PM~2.5~ concentrations over megacity Delhi, have reduced by above 50% in comparison to the before-lockdown period in India i.e. improvement of air quality during the COVID-19 lockdown ([@bib23]).

So, compared to the other previous studies in India, this type of study is yet not done, considering this huge research gap and novelty, this study also aims to find out the risk factors associated with the Coronavirus disease (COVID-19) among under-five children using pre-existing morbidity conditions and indoor air pollution environmental factors which are solid biomass cooking fuel and indoor smoking cigarettes and also with current case fatality ratio (CFR) and recovery rate (RR) of the COVID-19 disease in the high focusing states and union territories of India which are in a risk zone. This very research would be helpful for policymakers, strategy developers, environmentalists, and public health workers to combat the future pandemic situation.

2. Data and methods {#sec2}
===================

2.1. Data sources {#sec2.1}
-----------------

For this study, data were utilized from the 4th round of the National Family Health Survey, 2015--16, consisting of nationally representative sample surveys. A total of 247,743 living children (0--59 months) were surveyed by the National Family Health Survey (NFHS)-4, among them the under-five children having pre-existing morbidities and indoor air pollution characteristics of the states and union territories of India were considered for this study ([@bib18]). The data used for this study were retrieved from the public domain after describing the objective of the study.

Data on the COVID-19 is use from the <https://www.mohfw.gov.in/>naming 'COVD-19 state-wise status', provides the most updated figures on the daily and a total number of confirmed cases, recovered or cured cases, and deaths ([@bib25]) for each affected states and union territories of India. This data is provided by the Ministry of Health and Family Welfare (MoHFW), Government of India. We have collect information on confirmed cases, the number of deaths, and cured cases as on May 18, 2020, 08:00 IST (GMT+5:30) of affected states and union territories of India.

2.2. Variables used {#sec2.2}
-------------------

For the analysis of the study, a selection of pre-existing morbidities indicators and indoor air pollution or domestic smoky environmental indicators among under-five children household and recent COVID-19 rates were included. Pre-existing morbidities indicators include symptoms of acute respiratory infection (ARI) in the two weeks before the survey, the prevalence of cold and cough, and the prevalence of fever among under-five children. Indoor domestic smokes indicators include children's family used smoky domestic cooking fuel and children's mother smoke cigarettes and recent COVID-19 rates include Case Fatality Ratio (CFR) and Recovery Rate (RR) of different affected states and union territories of India ([Fig. 1](#fig1){ref-type="fig"} ).Fig. 1Conceptual framework of the study.Fig. 1

2.2. Methods {#sec2.3}
------------

The prevalence of pre-existing childhood morbidities and the percentage of children's family used indoor domestic smokes were computed using the Statistical Package and Data Science software STATA version 13.1 (StataCorp LP, College Station, TX, USA).

After that, the case fatality ratio has been calculated as the ratio of the total figure of deaths due to COVD-19 to the total figure of confirmed cases of the COVID-19. Likewise, the COVID-19 recovery rate is calculated as the ratio of the total figure of recovered cases of the COVID-19 to the total figure of confirmed cases of the COVID-19.

For identification of risk factors zone of the Coronavirus disease, the mean composite Z-score technique has been employed. All the factors which are taken for this study are positively influenced by the COVID-19 except the factor recovery rate of the COVID-19. For composing, all the selected variables must be working unidirectional manner. So, the factor recovery rate has been converted into a non-recovery rate i.e. each recovery rate of the COVID-19 of all states and UTs is subtracted from 100. After that, for each variable (X~1~ or X~2~ and so on) number of observations (states and UTs) are sum up and mean was calculated, then standard deviation was calculated as the root mean square deviation from the mean. The Z-score i.e. risk score also be calculated for identification of risk or vulnerable zones of the COVID-19 using the following formula-$$\mathbf{Z} - S\mathbf{core}\mspace{9mu}\left( \mathbf{Risk}\mspace{9mu}\mathbf{Score} \right) = \frac{\mathbf{I}\mathbf{n}\mathbf{d}\mathbf{i}\mathbf{v}\mathbf{i}\mathbf{d}\mathbf{u}\mathbf{a}\mathbf{l}\mspace{9mu}\mathbf{v}\mathbf{a}\mathbf{l}\mathbf{u}\mathbf{e} - \mathbf{M}\mathbf{e}\mathbf{a}\mathbf{n}\mspace{9mu}\mathbf{v}\mathbf{a}\mathbf{l}\mathbf{u}\mathbf{e}}{\mathbf{S}\mathbf{t}\mathbf{a}\mathbf{n}\mathbf{d}\mathbf{a}\mathbf{r}\mathbf{d}\mspace{9mu}\mathbf{d}\mathbf{e}\mathbf{v}\mathbf{i}\mathbf{a}\mathbf{t}\mathbf{i}\mathbf{o}\mathbf{n}\ \left( \mathbf{\sigma} \right)}$$

All the Z-score values of all variables for each state and UTs have been calculated then mean was calculated using total Z-score value. High Z-score value indicates high-risk factors of the COVID-19 and vice versa.

3. Results {#sec3}
==========

3.1. Indoor air pollution and pre-existing prevalence of morbidities among under-five children and case fatality ratio and recovery rate of the COVID-19 {#sec3.1}
--------------------------------------------------------------------------------------------------------------------------------------------------------

[Table 1](#tbl1){ref-type="table"} represents the percentage of under-five children with indoor domestic smokes and pre-existing childhood morbidities and the COVID-19 CFR and RR in states and UTs of India. Symptoms of ARI was higher in the states like Meghalaya (5.8%), Jammu and Kashmir (5.4%), Uttar Pradesh (4.7%), Uttarakhand (4.6%), Punjab (4.1%), West Bengal ()3.3%), Jharkhand (3.2%), Haryana (3.2%) compared to other states and UTs. The prevalence of cold & cough was higher in Uttarakhand (22.15%), Meghalaya (20.21%), Mizoram (19.46%), Jammu and Kashmir (14.97%), Puducherry (14.5%), Tamil Nadu (14.37%), Uttar Pradesh (14.26%) compared to other states and UTs. The prevalence of fever was higher in Uttarakhand (24.5%), Meghalaya (23.29%), Uttar Pradesh (19.67%), Telangana (16.59%), and Goa (16.2%) compared to other states. The percentage of children family use smoky cooking fuel or biomass use was higher in the states and UTs like Bihar (88.18%), Jharkhand (86.94%), Odisha (84.1%), Meghalaya (83.67%), Assam (81.68%), Dadra and Nagar Haveli (80.77%), and West Bengal (78.09%) compared to other. The percentage of children's mother smoke cigarettes was higher in Mizoram (15.15), Sikkim (2.29%), Arunachal Pradesh (0.59%) compared to other states and UTs of India. The case fatality rate is high in West Bengal (8.89%), Meghalaya (7.69%), Puducherry (7.69%), Goa (5.79%), Madhya Pradesh (4.98%), Himachal Pradesh (3.75%), and Maharashtra (3.62%); recovery rates are low in Maharashtra (23.26%), Odisha (26.57%), Chandigarh (26.7%), Manipur (28.57%), West Bengal (35.82%), Tamil Nadu (37.17%), Bihar (37.64%), Gujarat (39.54%) the states & UTs of India.Table 1Percentage of under-five children with IAP and pre-existing morbidities and the COVID-19 Case Fatality Ratio (CFR) and Recovery Rate (RR) in IndiaTable 1States & Union TerritoriesPre-existing morbiditiesIndoor domestic smoky environmentCOVID-19 Case Fatality Ratio (CFR)COVID-19 Recovery Rate (RR)Symptoms of ARI (%)Prevalence of Cold & Cough (%)Prevalence of Fever (%)Percentage of children family use smoky cooking fuelPercentage of children's mother smoke cigarettesAndaman & Nicobar Islands1.512.898.6225.830.000.00100Andhra Pradesh0.55.388.3341.020.002.0860.49Arunachal Pradesh2.110.5411.4559.410.59Assam1.08.778.9781.680.031.9840.59Bihar2.510.3312.2488.180.140.6337.64Chandigarh2.810.359.6910.080.001.5726.70Chhattisgarh2.212.4913.3580.770.020.0068.60Dadra and Nagar Havel1.95.535.6349.620.00Daman and Diu0.65.436.5711.110.00Delhi2.410.813.42.770.081.5944.61Goa1.414.0716.217.390.15Gujarat1.49.028.9455.740.015.7939.54Haryana3.28.879.2455.690.041.5461.76Himachal Pradesh1.610.7811.8471.870.023.7555.00Jammu and Kashmir5.414.9713.8751.660.21.1048.61Jharkhand3.210.4212.6286.940.021.3550.67Karnataka1.25.767.0547.570.073.2344.38Kerala0.88.5910.5447.960.120.6782.70Lakshadweep0.912.9713.8759.040.6Madhya Pradesh2.110.4511.3676.030.044.9848.28Maharashtra2.49.2412.6242.530.073.6223.26Manipur0.712.88.2560.990.250.0028.57Meghalaya5.820.2123.2983.670.17.6984.62Mizoram2.219.4611.4237.6915.1Nagaland1.48.557.1375.440.16Odisha2.412.7312.8684.100.040.4826.57Puducherry3.014.511.8113.690.007.6969.23Punjab4.113.1813.3639.310.021.7869.55Rajasthan2.18.539.8274.610.002.5257.52Sikkim0.33.413.846.462.29Tamil Nadu2.814.3710.7525.910.030.6937.17Telangana213.8916.5930.070.002.1963.96Tripura2.612.8811.6770.760.030.0050.90Uttar Pradesh4.714.2619.6773.480.042.4457.31Uttarakhand4.622.1524.557.390.031.0956.52West Bengal3.311.0012.5778.090.018.8935.82

3.2. Mean composite risk score factors of the coronavirus disease (COVID-19) among under-five children {#sec3.2}
------------------------------------------------------------------------------------------------------

[Table 2](#tbl2){ref-type="table"} represents, mean composite risk score of various indicators of indoor domestic smoky environment or indoor air pollution and pre-existing morbidities among under-5 children with the COVID-19 Case Fatality Ratio (CFR) and Recovery Rate (RR) in states & union territories of India. The states and UTs which have more likely to very higher to higher risk factors or zones of the Coronavirus disease (COVID-19) are Mizoram (1.4), Meghalaya (1.27), Uttarakhand (0.92), West Bengal (0.73), Uttar Pradesh (0.66), Jammu and Kashmir (0.44), Odisha (0.33), Madhya Pradesh (0.21), Jharkhand (0.20), Bihar (0.19), Maharashtra (0.16 risk score), showed in color ramp of red to yellow ([Fig. 2](#fig2){ref-type="fig"} (a)) compared to the states and UTs like Assam (−0.12), Rajasthan (−0.13), Goa (−0.14), Manipur (−0.17), Chandigarh (−0.19), Haryana (−0.22), Delhi (−0.27) have moderate risk factors of the COVID-19, showed in color ramp of light yellow to light yellow-greenish ([Fig. 2](#fig2){ref-type="fig"}(a)) and the states and UTs like Daman and Diu (−1.18), Sikkim (−0.98), Andaman and Nicobar Islands (−0.84), Kerala (−0.69), Dadra and Nagar Haveli (−0.68), Arunachal Pradesh (0.-53), Karnataka (−0.42), and Nagaland (−0.36) showed in color ramp of green to light greenish-yellow ([Fig. 2](#fig2){ref-type="fig"}(a)) have very low-risk factors of COVID-19. The states and UTs with 0 to \<1.35 composite score i.e. high (0 to −0.06), moderate (−0.12 to −0.27), and low to very low (−0.42 to −1.35) risk score factors of the Coronavirus disease ([Fig. 2](#fig2){ref-type="fig"}(b)).Table 2Mean composite risk score of different indicators of indoor domestic smoky environment use and pre-existing morbidities among under-5 children with the COVID-19 Case Fatality Ratio (CFR) and Recovery Rate (RR) in states & union territories of IndiaTable 2States & Union TerritoriesX~1~X~2~X~3~X~4~X~5~X~6~X~7~Mean composite risk-scoreAndaman & Nicobar Islands−0.60.4−0.7−1.1−0.2−1−2.6−0.84Andhra Pradesh−1.3−1.5−0.8−0.5−0.2−0.86Arunachal Pradesh−0.2−0.2−0.10.30−1−2.6−0.53Assam−1−0.6−0.61.2−0.2−0.20.6−0.12Bihar0.1−0.30.11.4−0.2−0.70.80.19Chandigarh0.4−0.3−0.5−1.8−0.2−0.41.4−0.19Chhattisgarh−0.10.30.41.1−0.2−1−0.9−0.06Dadra and Nagar Havel−0.3−1.4−1.4−0.1−0.2−0.68Daman and Diu−1.3−1.5−1.2−1.7−0.2−1.18Delhi0.1−0.10.4−2.1−0.2−0.40.4−0.27Goa−0.70.71−1.5−0.2−0.14Gujarat−0.7−0.6−0.70.1−0.21.30.70.00Haryana0.7−0.6−0.60.1−0.2−0.4−0.5−0.22Himachal Pradesh−0.5−0.100.8−0.20.5−0.10.04Jammu and Kashmir2.30.90.5−0.1−0.1−0.60.20.44Jharkhand0.7−0.20.21.4−0.2−0.50.10.20Karnataka−0.8−1.4−1.1−0.2−0.20.30.4−0.42Kerala−1.1−0.7−0.3−0.2−0.2−0.7−1.6−0.69Lakshadweep−10.40.50.200.02Madhya Pradesh−0.2−0.2−0.10.9−0.210.20.21Maharashtra0.1−0.50.2−0.4−0.20.51.60.16Manipur−1.20.3−0.80.3−0.1−11.3−0.17Meghalaya2.62.22.71.2−0.22.1−1.71.27Mizoram−0.12−0.1−0.65.81.40Nagaland−0.7−0.7−1.10.9−0.2−0.36Odisha0.10.30.31.3−0.2−0.81.40.33Puducherry0.50.80−1.6−0.22.1−0.90.10Punjab1.30.40.4−0.6−0.2−0.3−0.90.02Rajasthan−0.2−0.7−0.50.9−0.20−0.3−0.13Sikkim−1.5−2−1.8−0.30.7−0.98Tamil Nadu0.40.7−0.2−1.1−0.2−0.70.8−0.05Telangana−0.20.61.1−0.9−0.2−0.1−0.6−0.06Tripura0.20.400.7−0.2−10.10.02Uttar Pradesh1.80.71.80.8−0.20−0.30.66Uttarakhand1.72.62.90.2−0.2−0.6−0.20.92West Bengal0.7−0.10.21−0.22.60.90.73**Mean**2.311.411.853.20.62.547.5**Standard Deviation (σ)**1.34.14.324.52.52.518.6[^1]Fig. 2States and union territories across India with risk factors of Coronavirus disease (COVID-19) among Under-five children.Fig. 2

4. Discussion {#sec4}
=============

Worldwide, till May 18, 2020 as of 6:51 p.m. CEST, 4,628,903 confirmed cases of the Coronavirus disease, including 312,009 deaths have been reported and 216 countries, territories have been affected by the COVID-19 pandemic ([@bib40], [@bib42]). In India, as of May 19, 2020 as of 08:00 IST (GMT+5:30), Ministry of Health and Family Welfare, the Government of India reported, a total of 1,01,139 confirmed cases and 3163 deaths have been reported speeded over 33 states and UTs ([@bib25]).

The present study has examined the risk factors of the Coronavirus disease (COVID-19). As the Coronavirus has been associated with indoor air pollution and a smoky environment, so, there has a relationship between indoor cooking fuel used with biomass and the Coronavirus disease (COVID-19) ([@bib1]). The under-five children living in indoor smoky environmental conditions are most vulnerable and risk of the Coronavirus disease. This study is consistent with the study done by [@bib2], and a significant relationship between exposure to air pollution and deaths due to the COVID-19 was found in United States ([@bib43]). They use of solid biomass for cooking fuels and burning inside their houses with poor vitalization system and no chimneys were found to direct the smoke outside in urban slums of Bangalore, India ([@bib16]). So, we found that these indoor air pollution conditions are extremely at risk or vulnerable to the COVID-19 infection. Those people staying in an area with intense high amounts of pollutants are, therefore, more likely to develop severe respiratory conditions and also at risk of any infective disease ([@bib12]).

In this study among children's mothers with smoking cigarettes is a risk factor of the COVID-19 among under-five children in India. This finding is in agreement with another study conducted in China, where hospitalized patients of the COVID-19 with smoking behavior were 14 times high likely to expire or die compared to the patients those were non-smokers ([@bib22]), and in Saudi Arab ([@bib5]). The states and UTs with high case fatality ratio and air pollution are risk factors of the COVID-19 in affected states and UTS of India. This finding was similar to another study in the people's Republic of China i.e. the high prevalence of confirmed/infected cases and deaths of severe acute respiratory syndrome Coronavirus 1 (SARS-CoV-1) were associated with air pollution ([@bib14]) and in Northern Italy, higher prevalence and mortality of the COVID-19 was also associated with air pollution ([@bib12]).

Indoor air pollution or indoor domestic smoky environment and pre-existing morbidities are the risk factors of health among children with under-five age. Indoor air quality directly linked to the respiratory system of living peoples and dependence on hard biomass for cooking and burning or heating exposes respiratory health problem of children of developing countries as well as in India due to use lofty levels of indoor air pollution ([@bib26]; [@bib8]; [@bib24]). Pre-existing morbidities like acute respiratory infection (ARI), cold & cough, and fever among under-five children in India have also risk factors of the Coronavirus disease (COVID-19). In earlier studies, it is found that pre-existing co-morbidities among children are risk factors of the COVID-19 death ([@bib33]; [@bib31]).

5. Limitations of the study {#sec5}
===========================

The measurement of CFR amid the COVID-19 outbreak is not very suitable, because it is sensitive to under-reporting, testing of the COVID-19 cases and moment of reporting and robust estimation of CFR is likely possible only at the end of the COVID-19 pandemic. Recovery Rate also varies and daily changes during the pandemic situation, so these are few limitations of this study. Surveyed women have self-reported about their children's pre-existing childhood morbidities, so there is a possibility of recall bias during the collection of information about children.

6. Conclusion {#sec6}
=============

From a research viewpoint, there is a prerequisite for epidemiological studies to investigate the relationship between indoor air pollution and pre-existing morbidity which are associated with the COVID-19. More focus needs to place on improving cooking stoves and use clean indoor cooking fuels should become a top concern in the high focus vulnerable region. The children should be kept away from the kitchen during the cooking and burning of fuels. The kitchen room should have extensive space so that air pollutants smokes are not being capable to concentrate within the room for a long period, which reduces indoor air pollution, which is the risk factor of the COVID-19. Smokers of the family should also stay away from indoor house environment when smoking. Finally, well-built public health proceedings, including rapidly searching in high focus areas and testing of the COVID-19, should be performed in vulnerable areas of the COVID-19.
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[^1]: **X**~**1**~ = Prevalence of Acute Respiratory Infections (ARI) (%), **X**~**2**~ = Prevalence of cold & cough (%), **X**~**3**~ = Prevalence of Fever (%), **X**~**4**~ = Percentage of children family use smoky cooking fuel (smoky environment), **X**~**5**~ = Percentage of children's mother smoke cigarettes (smoky environment), **X**~**6**~ = Case Fatality Ratio (CFR), **X**~**7**~ = Non-Recovery Rate (RR).
